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ABSTRACT 

The traffic engineers have used the tool of modelling 
to understand and analyse the complex phenomenon of traffic. 
Analytical and simulation models have been used quite extensively 
for the above purpose. These models have aided in establishing 
warrants for transportation facility improvements. 

In the above models all aspects of movement of vehicles 
excepting, stoppages of vehicles on road especially prevalent 
on Indian highways have been considered* The vehicular stoppages 
near narrow bridges, near road repairing spots and near signalized 
intersections and near random bus stops in rural highways are 
some of the examples which require development of adequate 
modelling to study the complete traffic movement behaviour. 

In this study an attempt has been made to incorporate 
the vehicular stoppages near signals in the ♦ Indo'-Swedish Road 
Traffic Simulation Model' developed at I,I*T, Kanpur in 
collaboration with Swedish National Road and Traffic Research 
Institute, The effect of such stoppages on the other vehicles 
is queue formulation is also modelled. In ' Indo-Swodish Road 
Traffic Simulation Model' the vehicles are moved depending on 
road interaction and vehicular interactions and behaviour of 
drivers. In this thesis the interaction of vehicles with signals 
when they encounter it is incorporated. The applications of 
this modelling approach to vehicular stoppages are explored 
and suggestions to implement the applications are briefly given. 



CHAPTER I 


INTRODUCTION 

1 J HIGHWAY TRAFFIC MODELS 

The traffic flow process on streets and highways is 
a complex phenomenon, The behaviour of vehicles along a road is 
either described by a set of mathematical equations or by 
heuristic methods^ in which there are facilities to represent 
the stochastic decision of each driver. Such representation 
is called highway traffic model. 

Traffic flow modelling enables better understanding 
of the phenomenon of vehicular movements. These models should 
be helpful for engineers in establishing standards for road 
improvements which ensures safety, easy operations of vehicles 
on roads and economy. 

The traffic models are of two types, A set of 
mathematical equations, used for solu cion of traffic problems are 
called Analytical moflels. The other xppro^'ch is to model the 
traffic flow logic o'l a computer which not only includes a "^'et 
of equations governing the vehicle movement but also stochastic 
decisions of drivers wnich are known ...s simulation models, 

1.2 A REVIEW OF LVTERATURE 
1 ,2,1 Analytical Models 

Empirical work on lengths of road is associated largely 
with Wardrop [30] and Norman [l9] • These studies are 
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particularly concerned with the relation of traffic speed 
to the volume of traffic and to the width ot road. In some 
respects these relations are fairly precisely known, but 
in others, such as the effects of traffic composition and 
of varying proportion of oncoming traffic they are leas 
understood. Estimates are also available for the effect of 
such factors as parked vehicles, pedestrains and grades. 
Following on from the empirical determination of bhe relation 
between mean traffic speed and flow or density is the theory 
mainly associated with Lighthill and Whitham [l3]. Traffic 
is regarded as a fluid and certain results about the pro- 
pagations of 'waves’ and 'shock waves' have been obtained, 
Lighthill and Whitham [13] used the mechanics of compressible 
fluids to explain the flow of traffic on long crowded roads 
on a single lane, A functional relationship betv/een flow 
and concentration for traffic was postulated , and from this 
a theory of the propagation of changes in traffic distribution 
is deduced. They called the relationship between flow and 
concentration as the fundamental diagram of road traffic as 
shown in Fig, 1,1, This work of Lighthill and Whitham [13] 
is the first paper to appear in the literature using the 
methods of fluid dynamics to explain phenomena that had 
previously been observed in road traffic. 

The above relationship holds good as long as a 
two lane road experiences very high volumes in both the 
directions. It has not yet been studied as to how this 
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relationship will be affected when frequent overtakings 

are prevalent under low to medium flov/ conditions. It seems 

the complex nature of road traffic violates the continuity 

assumption required in the model. Also, this theory does 

not take account of the properties of individual vehicles 

and therefore it cannot be expected to explain traffic behaviour 

in any detail, 

which 

Of other theories/deduce the properties of a traffic 
stream from the behaviour of the individual vehicles of which 
it is composed are those due to Schuhl [25] and Kometani[l 2 ] , 
Quoting from Haight [9], who gives a brief general survey 
of the literature on traffic theory ‘Schuhl for examples, consi- 
ders a two lane road in which the sole constraint to free 
speed (the distribution of which he assumes to be known) is 
the passing maneuver. For most of his work, Schuhl[25] 
confines himself to ave rage s-al though he does allow negative 
exponential gaps in the oncoming traffic. In particular he 
assumes that cars in the same directions are overtaken at free 
speed and at equally spaced intervals,’ 

’The most detailed analysis of the geometry of the 
passing Maneuver of which I am aware is that of Kometani, 

Two and three lane highways are considered with different 
poisson streams in each lane. The distribution of free speeds 
assumed to be discrete, as are the units of time. Assuming 
values for several constants such as headway, time to pass etc, , 
Kometani obtains a formula for the probability of n vehicles, 
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n = 1,2,... , being passed at a time’. 

The major criticism of the above two papers are that 
they suffer from the disadvantage that the mathematical 
analysis given is not exact in that various approximations 
and simplifying assumptions have to be made. Exact analysis 
of these models would be very difficult, so it is not easy 
to extend their results. 

Tanner [28] presented a theoritical formula for the 
average speed achieved over a long journey by a vehicle. 

Except for the vehicle whose behaviour is studied, other 
vehicles in each direction are assumed to travel at the same 
speed, and are spaced at random, but with a certain minimum 
distance between vehicles. The vehicle being studied wishes 
to travel faster than other vehicles. When it overtakes it 
must pass the whole of a bunch of vehicles at minimum spacing 
in a single maneuver it overtakes without delay if there is 
a sufficient gap in the opposing traffic. If delay occurs 
than a greater gap in the opposing stream is required to allow 
for time losb in accelarating. An important feature of the 
results obtained by Tanner is that when the traffic flows, 
Increase beyond a certain level, appreciably below the 
theoritical capacity of the road the fast vehicle cannot 
maintain a higher average speed than that of bhe other vehicles. 
The whole time is spent waiting for opportunities to overtake, 
and the average wait per overtaking becomes very large. 
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Miller[l4] proposed that on roads vehicles which are 
uninterrupted by traffic signals, intersections, etc, vehicles 
should be consid(^red as travelling in random queues by which 
he means that the intervals between the tall of one queue and 
the head of the next follow the exponential distribution. 

Criteria based on headways and relative velocities are developed 
to determine when a vehicle is said to be under queue condition. 
Miller's random queues model appears very much more realistic 
as a representation of road traffic v/itnessed on two lane 
highways. If the road has both straight and winding sections, 
or narrow and wide sections, then the overtakings will all 
occur on the same part of the road and just down stream from 
this wider or straighter 'section, the queues of vehicles will 
themselves occur in bunches. 

Carter and Palaniswaniy [ 4 ] and Palaniswamy[20] have 
proposed a markov model to describe the traffic flow fundamental 
diagram in terms of state variants. After verifying the traffic 
flow process as a Markov process the authors have attempted to 
use dynamic programming concepts along with Markovian model 
for the on line control of traffic flow in the Baltimore 
Harbour Tunnel. The formalism was found to be quate satisfactory 
for evaluating control policies to improve the traffic flow in 
capacity restricted facilities, 

1,2,2 Simulation Models 

In recent years, a number of traffic simulation models 
have been developed for two lane roads. These models describe 
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the behaviour of traffic stream by considering in detail the 
behaviour of individual vehicles as they move over the specified 
section of the road. They are briefly reviewed here, 

Shumate and Dirkson [26] model uses a Poisson distri- 
bution. for headways and a normal distribution of desired 
speeds. For overtaking maneuvre, 'valour' factor, which gives 
the probability of driver accepting a risk, is used. The 
model uses SIMCAR Language. 

Paul Warnshuis [21 ] developed a simulation model in 
which drivers are always assumed to accept an overtaking gap 
if it allows sufficient safety margin. The results of two 
different desired speed distributions show that the speed 
distribution is not critically important, 

in U.S.A* 

Janoff and Cassel [l1 ] model developed/ forms the basis 
for North Carolina State University model. This model was 
primarily concerned with evaluating the safety benefits of 
remedial passing aids, 

NCSU Model** This model [l8] was developed at North 
Carolina State University (NCSU), The model relates the 
throughput of a section of road to the volume and composition 
of traffic entering the section. There are three stochastic 
inputs to the model, namely desired speed of the vehicles, 
headway distributions and overtaking behaviour when any given 
gap has a probability of being accepted or rejected. The 
simulation process is time based. The main drawbacks of the 
model are-'- (i) the input speed and desired speed in the test 
section are assumed to be identical and (ii) no account is 
taken of horizontal curvature. 
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Tay'i-or, Miller and Ogden [ 29 ] model is used to 
establish warrants for provision of crawler lanes on uphill 
grades, Dov/ngrade traffic stream was not modelled as no 


overtaking vras permitted. 

Stock and jvjay [27] model represents only one direction 
of traffic flow in microscopic detail, whereas oncoming stream 
is modelled as distribution of gaps moving at uniform speed. 

Only cars are permitted to overtake according to an empirical 
gap acceptance distribution and in favourable traffic conditions. 
Speeds are not varied with road geometry, 

Indo-Swedish Model [10] is quite comprehensive and 

based on large scale daba collection about overtaking behaviour 

and speed distributions. All types of overtaking maneuvres 

have been considered. The desired speed is related to road 

width, horizontal curvature, speed limit and gradient. The 

roadway is divided into homogeneous sections. Traffic is 

divided into four classes which coi^ists of cars, trucks/buses, 
moving vehicles and motor cycle/ scooter, 

slovf/ The scanning is event oriented. The model is fully 
validated. The main drawback of the model is the amount of 
field work required as input. The model requires as input 
the observed speed and headway distributions. 

jyiRI Model Cl 6 ]: This model was developed by St.John 
and Kobett at Midwest Research Institute (MRl) under the 
National Cooperative Highway Research programme. The major 
objective of this study was to model and simulate traffic 
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flow on a two lane highway so as to determine the performance 
capabilities of vehicles, to determine equivalency factors for 
low performance vehicles, and to determine the role that per t- 
formance and size play in traffic instabilities, accidents and 
loss of capacity. The entering time headways are based on 
Schuhl's distributions. The distribution of desired speeds 
in horizontal curves is related to curve geometries. The 
probabilities of accepting an overtaking opportunity are 
related to speed of the leading vehicle and to passing 
opportunity distance. The computer simulation was also used 
to test the effects of vehicle dimensions and effects of 
changes in percent no passing facility. The traffic behaviour 
has aO so been evaluated for over width vehicles like mobile 
home and modular house loads with widths of 3.6 and ^.2 metres, 

1 ,2,3 Signalized Intersection Models 

These traffic model have special isolated aim of 
finding the effects of traffic on vehicles movement, such 
as delay and queue lengths * A few of these models are 
briefly reviewed below. 

An example of simulation model is described by Daniel 
and Huber [6] for signalised intersection. This model simula- 
tes only for straight moving vehicles and for fixed time 
signals. The model does not consider the vehicle movement 
sequence either before they enter bhe intersection or after 
they are processed through the intersection, but they are 
generated and inserted into the queue , 


Then they are 
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discharged from the signal queue according to Greenshields '[s] 
starting delay values which are given in Table 1 ,1, 

TABLE 1.1: GREENSHIELDS STARTING DELAY FOR DISCHARGING 
VEHICLES FROM QUEUE HEAD 


Position in Queue at 
Start of Green(M) 

Time from start of Green until 
arrival at entrance of the 
intersection(in secs,) 

1 

3.8 

2 

6,9 

3 

9,6 

4 

12.6 

5 

14,2 

6 

14.2+2.1 (M-5) 


Various figures of merit used are, individual vehicle 
delays, maximum delays, average delay over all vehicles, 
a;-erage delay category wise, degree of saturation, load factor 
and maximum queue length, 

Lewis and Michael [ 23 ] developed a simulation model to 
obtain volume warrants for intersection control. In this 
model they simulated a four legged intersection with fixed 
time signals. Delay was used as the figure of merit to obtain 
volume warrants. The vehicles were processed at the intor- 
secbion using a car following model. They used the concept 
of release points to calculate vehicular delay. 
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Satyanarayana Reddy [ 24 ] developed a simulation model 
for signalized intersection for mixed vehicular traffic. 
Vehicles were not moved but discharged from the queue head 
into which vehicles were entered on generation, using observed 
starting delay in the field. The starting delay used were 
different for four wheelers and two wheelers. The starting 
delay used are as shown below, 

TABLE 1 . 2 : STARTING DELAYS FOR FOUR WHEELERS IN INDIA 


Serial number of vehicle Starting delay 


FIRST 

SECOND 

THIRD 

FOURTH 

FIFTH 


4 seconds 
8 seconds 
11 seconds 
14 seconds 
16 seconds 
18 seconds 


SIXTH 



TABLE 1.3 J STARTING DELAYS ^OR TlfO FEELERS IN INDIA 


Starting delays 
in seconds 

Number of vehicles entering the 
intersections 

Scooters 

Rickshaws 

Bicycles 

3 

5 

4 

9 

8 

8 

8 

17 

13 

11 

12 

25 

18 

14 

16 

33 

23 

17 

20 

41 

28 

20 

24 

49 

- 

- 

- 

- 


Since the model did not move the vehicles it could 
not consider the effects of road quality and width in 
vehicular movement. Deceleration and acceleration 'Of vehic!?es 
at inbersections are not considered. The release points 
taken for delay calculation is arbitrary , Queue concept 
adopted near the signals also seems to be not correct. 

It is seen from a cursory survey of literature that 
analytical and simulation models did not take into considera- 
tion at times vehicles do stop on roads for one reason or the 

researchers 

other. In intersection models many/have taken indirect appro- 
ach by assuming starting delays thus circumscribing the need 
for vehicular movement which includes stopping. 
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1 .3 PRESENT VfORK 

Traffic flow on open roads was modelled with the 
assumption that vehicles are uninturrupted by signals at 
intersections, narrow bridges, random busstops and any such 
other situations. This assumption is relaxed by Introducing 
stopping logic required ^not only at intersection but for many 
other situations prevailing in Indian traffic. The vehicle 
movement sequence in terms of acceleration, deceleration and 
stoppage conditions are modelled in an attempt to impart more 
realism. 

The effect on the other vehicles when a vehicle shops 
infront of them is either bo pass it if no overtaking restriction 
is bhere or to sbop behind ib forming a queue. This sibuation 
is captured by building a queuing model. 

The usefulness of a model with the capabilities of 
depicting acceleration, deceleration and stoppages in traffic 
movements has significant potential as an analysis tool for 
design and operation of the traffic facilities. The application 
of the present model has been explored and suggestions for 
implementation of them are given, 

1 ORGANISATION OF THESIS 

In this chapter a detailed description of traffic models 
with brief survey of different traffic models was given. 

The following chapter discusses the simulation approach 
to the analysis of traffic engineering related problems. Several 



simulation languages available is discussed with emphasis 
on language SIMJLA“67, the one which has been used in this 
thesis. 

The third chapter describes methodology followed in 
developing the vehicle stopping logic as well as their 
sequence of movement and. description of bhe Indo Swedish Road 
Traffic Simulation Model (ISRTSM) in wchih the stopping logic 
capsuled, is given. 

Penultimate chapter lists the input and output of bhe 

model. 

Description of the results obtained from the model and 
scope for further research are outlined in the final chapter. 

The four appendicies contains, the description of 
important procedures of ISRTSM, the flow chart of the present 
work, list of new procedures added and procedures changed in 
ISRTSM for present work and event file details. 
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COI^UTER SIMULATION APPROACH 

2,1 WHY SIMULATE ? 

The major problem with the analytical models is that as 
the level of detail in the data is increased, it becomes more 
difficult to formulate equations-let alone solve them. Greater 

the number of input variables to be included, the more each 

; 

will have to be approximated and generalised. If conditions 
at a given site are described only in generalised and compact 
form, then it is unlikely that the model can differentiate 
between before and after conditions relating to some small 
improvement. 

Unless a fine level of detail can be input, the resulting 

information is only of limited value. So fully comprehensive 

analytical model is not a feasible proposition. Traffic flow 

modelling for Indian conditions is quit 5 complex because of its 
heterogeneous 

/nature consisting of different types of vehicle, in terms of speeds 
and physical dimensions. Also each maneuver made by a driver 
results from a decision sequence which is defined by variables 
having large random components. It is difficult to produce a 
realistic analytical traffic model for even homogeneous traffic. 
Hence the use of simulation methods for traffic flow analysis is 
natural and expected to play a significant role in solving 
problems related to design and operation of traffic facilities. 



16 


2 • 2 WHAT I S SIMJ LATION'? 

Digital computer simulation may be defined as ’a 
numerical technique for conducting experiments with certain 
types of mathematical models which describe the behaviour of 
a complex system on a digital computer over an extended periods 
of time* (Naylor, [1 7.1 ) . Simulation serves different functions 
in system analysis and design. They include 

(1) Aids in problem formula bion, 

( 2 ) Gives insight into the sensitivity of design to 
wide ranges of parameters, 

(3) Guidance in predicting system performance, 

(4) It is useful to validate the component models, 

( 5 ) Data can be generated and used to study the 
transient and steady state characteristic of the 
system (Reitman, [22 j). 

There are generally a number of steps in simulation of 
an engineering system. Though the details may vary from time 
to time, a nvimber of steps are common to several simulation 
studies. Figure 2,1 is the representation of the various steps 
of simulation (Naylor, [ 17 ]). 

(l) Formulation of Problem? The problem is formulated in 

analytic terms. It includes the identification of the 

system and its environment* Constraints of the system 

are also to be identified. 
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(II) Collection of date: Historical and experimental data 
concerning socioeconomic, engineering and other factors 
are collected and analysed, 

(III) Formulation of the system model; Based on experience, 
availahle knowledge and information, a system model is 
formulated to represent the components of the system, 
their parameters and behaviour and their relationships, 
the nature of the inputs to the system, througl^uts, 
and outputs, 

(IV) Formulation of a computer programme; The formulation of 
a computer programme for the purpose of conducting 
simulation experiments with a model of a complex system 
requires special considerations to the following three 
activities (i) conputer programme, (ii) data input and 
starting conditions and (iii) data generation, 

(V) Estimation of parameters; Parameters of the systems are 
estimated using historical and/or experimental data, 

(VI) Validation: The assumed mathematical model for the 
system is a simple approximation to a more complex reality* 
It is necessary to validate the assumed system model in 
order that the mathematical model is a reasonable appro- 
ximation to reality. Validation Involves the definition 

of reality and a reasonable approximation to it. Generally 
validation is done on the basis of comparision between 
the actual recorded output and the output from 
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(VII) 


(VTII) 


(IX) 


simulation model for corresponding inputs. In case 
the model is considered to be unsatisfactory, it is 
necessary to modify the model suitably in order that 
estimated output from the model agrees with the 
observed record. 

Design of simulation experiments! Simulation may have to 
be done for analysis and optimisation of complex systems 
under different conditions of system inputs and outputs 
and values of design variables, if any. The values of 
these variables are generally to be sampled. Hence it 
may be necessary to select factor levels and combina- 
tion of factors and the order of experimentation. It 
is also necessary to ensure that sampling errors are 
within bouiids. 

System simulation! The system is simulated under 
different conditions as per the experimental design. 

When random process are involved it may be necessary 
to generate and use data concerning such variables. 

Analysis of simulated data: Results from simulation are 
analysed to determine the characteristics of various 
components of the process, their significance and inter- 
dependence, A near optimal design may be obtained in 
appropriate cases. 
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2 . 3 SIMULA T ION LANGUAGES: (f^ltrani [is ]) 

One does not really need a simulation language in order 
to simulate. Any general purpose programming language can be 
used, with a greater or lesser degree of effort. What the 
simulation languages aim to do is to make life easier for 
the programmer by including some of the standard simulator 
components as language prirnative. The facilities that a good 
simulation language should provide fall into five broad 
categories: They are 

A, Entity manipulation: Creating new entities, destroying 
old ones, placing entities into, and removing them from, 
ordered and unordered sets (st cks, queues etc,), 

B, Time and event manipulation: Maintaining a clock and an 
event list, and executing the scheduling operations. 

C, Random numbers: Sequences of numbers that appear to 
behave like independent and identically distributed 
random variables. Various discrete and continious 
distributions should be provided, as well as the ability 
to both reproduce and change the sequence between 
different runs of the same program, 

D, Collection of statistics: Data that can be used to 
obtain means, variances, frequency- histograms and 
other quantities of interest. The collection may 
extend over entire simulation runs, or it may be 
restricted to seperate portions of them. 
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E« Numerical computation • The ability to implement 

various numerical algorithms is required, e.g., in 
the statistical analysis of simulation output and in 
the construction of special random number generators. 

In addition, a good simulation language should posses all those 
qualities that are desirable in any programming language, such 
as power, flexibility, simplicity, ease of use, readability, 
modularity, efficiency of computation, run time efficiency, 
good diagnostics etc. Some of the popular simulation languages 
are SIfISCRIPT, GPSS and SIMULA. 

2. A SIJWLA 

Although originally intended as a special purpose 
simulation language, SIMULA is now a very powerful general 
purpose language (Dhal & Nygaard [s], Bitwistle et,al,[lj), 
structure of SIMULA can be loosely described by the following 
pyramid . 




> ■' .ip 

Class simulation! 

i 




Class SIMSET j 



The ’class' Concent.^ 


ALGOL 60 


FIG. 2. 2 : SIMULA PYRAMID 


At the base of the pyramid is the (very slightly modified) 
general purpose programming language ALGOL 60, A major addition 
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to that is notion of 'class', which allows one to define 
composite objects containing both data and actions. Two 
system defined classes follows, SIMSET and SIMULATION, The 
first provides facilities for manipulating linked lists and 
and second a clock routine, an event list and parallel processes. 
Using classes one can construct complex hierarchial data and 
program structures, that is, one can define other classes using 
the existing facilities and providing ones of one's own. A 
block prefixed by such a class can use both the old and new 
facilibies, 

2 , 5 CO MPARISON OF SIMULATION LANGUAGES 

The three popular simulation languages viz, , GPSS, 
SIMSCRIPT and SIMULA are compared here under the following 
broad headings, generality, convenience and efficiency. 

Being tied to the concept of block diagrams imposes significant 
constraints on the generality of GPSS, There are, for instance, 
certain state-dependent operations that do not lend themselves 
readily to description by block diagrams: e,g, multiserver 
queues with preemptive priorities or breakiowns, or system 
where service rate depends upon number, who are waiting for 
service. Such systems are difficult or impossible to simulate 
in GPSS, The inability to Implement arbitrary numerical 
algorithms is also a significant disadvantage, SIMSCRIPT and 
SIMULA are completely general both from the simulation and 
from the numerical point of view. 
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On the otherhand, GPSS is blie easiest of the three 
languages to learn and use. Program written in it tend to be 
shorter and easier to debug. The production of reports is 
automatic, although Inflexible, SIMJLA is perhaps more 
difficult than SIMSCRIPT to learn, but once learnt it is 
easy to use, A point in SIMULA'S favour is that its philosophy 
supports and encourages the use of structured programming and 
top down design teclmiques A point in SIMSCRIPT 'S favour 
is that its statistics collection facilities are more compre- 
hensive, SIMSCRIPT is also more widely available than SIMULA 
and its compiler is cheaper, 

GPSS program tend to be slower than SIMSCRIPT ones, 
which, in turn, tend to be slower than SIMULA programs , So 
faster, easy to use , language SIMULA, which has scope for 
structuring programme is used in present v;ork. 


J 



CHAPTER III 


MODELLING OF VEHICLE STOPPING AND STARTING FLOW 
SEQUENCE IN THE ‘ISRTSM' AND ITS APPLICATIONS 

3 . 1 MO DEL DEVE LO P?1ENT 

Stopping logic modelling consists oi representing 
deceleration stoppages and acceleration maneuvers when vehicles 
encounter signals and similar other spots. The vehicles will 
start building up queues in such situations. This aspect of 
queuing has been modelled in the queuing sub-model. For 
vehicle to become part of such queue it has to be affected by 
impediment of halting vehicle. The complete flow logic has 
been developed in the microscopic model framework. 

3 • 2 SELECTION O F T RAFFIC MODEL FROM A SET OF MODELS 

As presented in review of literature there are several 
traffic flow simulation models. Some of them use simple car 
following model for the movement of vehicles others take into 
consideration stochastic nature of driver decisions in various 
maneuvers. 

Since stopping of vehicles is necessary at intersections 
and such other similar situations along the road, it has been 
felt that there is necessity of modelling to represent vehicle 
movement in such situations. Since vehicular stoppages are 
more prevalent on Indian rural roads than in any western 
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countries, this modelling needed to be incorporated in such 
a traffic flow model which depicts Indian conditions, and 
which is highly developed. 

One such model which is highly developed and validated 
for Indian conditions is ' Indo- Swedish Road Traffic Simulation 
Model' (iSRTSn) developed jointly by I.I.T, Kanpur and National 
Road and Traffic Research Institute (VTI), Sweden, So the 
above model is chosen for incorporation of stopping logic, 

3 » 3 DESCRIPTION OF INDO-SV/EDTSH ROAD TRAFFIC SIMULATION MODEL 

The indo-Swedish road traffic model is a descrete evemt 
simulation model which tries to depict the behaviour of a 
traffic stream by considering in detail the behaviour of 
individual vehicles as they traverse a given section of the 
road. The model is stochastic with respect to gap acceptance 
under overtaking situations. The position of all the vehicles 
on the road is continiously examined on an event basis. An event 
can be thought of as each time a decision is required of a 
driver. 

The model considers four categories of vehicles normally 
found on roads. Car group, HMV, two wheelers, Animal driven 
vehicles (ADV) have been considered for their behaviour in the 
traffic stream. The program system is shown in the Fig, 3.1. 

The road description over which traffic flow is to be simulated 
is fed into a road making program called 'aiMLU', This divides 
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the road into homogeneous block with respect to free block 
speed, roughness, sight distance etc. The number of 

blocks is usually 25. It is possible to make more blocks if 
one desires. 

The traffic is generated by both simple and complex 
traffic generation programs. These programs use the following 
parameters. 

1 , Total flov; (number of vehicles/ hour) . 

2, Flow in each direction . 

3, Plov/ changes . 

4, Partial flow of heavy vehlcles(traffic composition). 
For the present work vehicles are generated using random traffic 
generation model proposed by Gillian and Johnson [y]. This 
program has been written in Fortran and has been used to generate 
traffic upto 1000 vehicles per hour in increments of 100 vehicles/ 
hour in each direction. 

The Indo Swedish simulation model requires that following 
traffic characteristics are assigned to each vehicle/driver 
combination entering the road stretch. 

1 , Vehicle type , 

2, Power/weight ratio . 

3, Basic desired speed, 

4» Position within the platoon for those vehicles 
travelling in platoon. 
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5. Entry speed. 

6, Time headway. 

3,3,1 Power/ Welpjht Ratios 

Each vehicle is defined as belonging to one of the 
four vehicle types viz. Car, HMV, Two wheeler and Animal 
drawn vehicle, A separate marginal distribution of pov/er/ 
weight ratios was calibrated for each vehicle type , The 
power of a vehicle/driver combination is the maximum power 
which the driver is both willing and able to use. 

The model used in the simulations to predict the 
effect of a gradient i on bhe speed of a vehicle of mass m is 


where , 


dv 

dt 1 r ^ 

V = speed of the vehicle at time t 

F = Tractive force 

= Air friction force (drag) 

F^ = Rolling friction forces 

dv P P 

n> — a Av -Cm- mgi 

dt V ' ^ 


where, P is the power of the vehicle at time t and , 

A - are constants. 


P dv C.AV^ 

or ^ = y + C V -I- giv. 

m dt m ^ 
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Integration now yields, 


or 


P 1 ^ 

J p/ja dt 

m t^ o 


P 

m 


— (v^ - v^) + 1/t 


2t 


m 



s 


S 


o 


-I 





(3.1 ) 


where the left hand side of the equation is the mean power/ 
weighb ratio between and and is the time taken between 
and , These power/ weight distributions for all the four 
types of vehicle have been given in Table 3.1 and plotted 
in Pig, 3.2j 3.2a, 3.2b. 


3.3.2 Ba^^i D e s ired Speeds t 

Five main factors affect the speeds of vehicles on 
two lane roadways, 

1 . Driver characteristics. 

2, Vehicle characteristics, 

3, Load conditions. 

4, Traffic regulations, 

5, Traffic conditions. 
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TABLE 3,1 

; P-VALUE DISTRIBUTIONS FOR EACH VEHICLE TYPE 
(For Swedish Conditions) 

P(W/kg) 

Percentage of vehicles accumulated 

Type 1 

Type 2 

Type 3 

Type 4 

1 

0. 

0 

0 

0 

2 

0 

0 

0 

0 

3 

0 

0 

1.0 

3,5 

4 

0 

0.9 

6.0 

23.0 

5 

0 

3,1 

20,4 

45,6 

6 

0,4 

12.6 

39.5 

63,4 

7 

0,4 

24.8 

57.2 

79.3 

8 

1 ,0 

39.7 

71,4 

88.9 

9 

2,1 

48,7 

85,7 

96,3 

10 

4.2 

64,3 

91 ,6 

98.8 

11 

4,6 

78,4 

96.7 

99.7 

12 

8.1 

85,3 

99,5 

100,0 

13 

9.8 

93.0 

99,8 


14 

13,7 

97.0 

100,0 


15 

22.5 

98.8 



16 

30,2 

98.9 



17 

40.3 

99,0 



18 . 

50.2 

99,1 



19 

60,4 

99.4 



20 

71 .2 

99.6 






Contd, 
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Table 3.1 contd. . . . 


P(W/kg) 


Percentage oT vehicles accumulated 

Type 1 

Type 2 Type 3 Type 4 

21 

79.3 

99,7 

22 

86. 4 

99. B 

23 

89.6 

99,9 

24 

91.2 

100.0 

25 

91.6 


26 

95,2 


27 

96,1 


28 

96,1 


29 

96,1 


30 

97,9 


31 

98,2 


32 

98,6 


33 

98.6 


34 

98,6 


35 

99.3 


36 

99.^' 


37 

99,3 


38 

100,0 
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TABLE 3,1 (a) : P- DISTRIBUTION FUNCTIONS FOR VARIOUS W.HIGLE 

CLASSES 

(For Indian Conditions) 


p(^-) 

kg 

Cumulative Percentage Frequency 


Cars 

Buses 

Trucks 

1 

1 .0 

0.0 

1 .0 

2 

2.5 

2.0 

12.5 

3 

0,5 

6.8 

40.0 

4 

17.5 

62,5 

55.0 

5 

32.0 

86,5 

67.5 

6 

48.0 

94.0 

79.5 

7 

66,0 

96.5 

B8.0 

8 

77,5 

98.0 

94.0 

9 

85,0 

99.0 

98.0 

10 

90.5 

100.0 

100.0 

11 

94.5 



12 

97.5 



13 

98.5 



14 

99.5 



15 

100.0 








Power 1 o vv a i qht rci t i o ( w /kg) 


FIG.5-Z p DISTRIBUTIONS FOR EACH VEHICLE 
CLASS 

( SvoecLCsh GaficUVtani ) 




( For ir)cUan Cc>n<^Fion2« 






Power 1 o vv a i qht rci t i o ( w /kg) 


FIG.5-Z p DISTRIBUTIONS FOR EACH VEHICLE 
CLASS 
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Basic desired speed is the speed with v/hich the vehicle/ 
driver combination would maintain, were it not affected by 
any adverse road and traffic conditions or traffic regulations, 
Basic desired speeds are ideally measured on straight, wide, 
flat, two-lane roads under free flow donditions and with no 
speed limit. The observed distribution was approximated by 
by normal distribution. The s^Deed classes are given in 
Table 3.2 and plotted in Fig. 3i3. 

3,3.3 P osition within Platoon and Tim e Headways ; 

The time headway model used is a composite one as 
used originally by Schuhl [25 j. This means that there are tv;o 
separate timfe headway distributions for free moving and 
constrained vehicles respectively. 

The usual form of the composite distribution (proba- 
bility density function) is 

f(t) = (1- ) g(t) + 'h(t) (3.2) 

where, f(t) is the probability density function of the 
composite headway distribution, g(t) is the probability density 
function of the headway distribution for free moving vehicles, 
h(t) is the probability density function of headway distribu- 
tion for constrained vehicles, is the proportion of cons- 
trained vehicles. 
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Table 3.2 : basic desired speed distribution-fast moving 

VlilHICLES (FOR INDIAN CONDITIONS) 


Speed class 
in 4 per- 
centiles 

Speed of Cars 
(Vehicle type 1 ) 
m/s 

Speed of 
Bus/Tnick 
(Vehicle 
Type 2) 
m/ s 

Speed of 

2 v;heelers 
(Vehicle 
Type 4) 
m/ s 

Speed of 
All vehi' 
cles 
m/ s 

1 

12.50 

11 .94 

9.86 

10.14 

2 

12.64 

13.19 

10.42 

1^1 .11 

3 

13.33 

13.89 

10.83 

11 .81 

4 

14.02 

14.17 

11 .25 

12.36 

5 

14.58 

14.58 

11.53 

12.78 

6 

14.86 

14’. 86 

11.81 

13.33 

7 

15.42 

15,28 

11.94 

13.60 

8 

15.97 

15.56 

13.22 

14,03 

9 

16,25 

15.97 

12,50 

14.31 

10 

16,67 

16.11 

12.78 

14.58 

11 

17.08 

16.39 

13.19 

14.86 

12 

17.36 

16.67 

13.33 

15,28 

13 

17.64 

16.94 

13.60 

15.56 

14 

18.05 

17.22 

13.89 

15.97 

15 

18.33 

17.51 

14.17 

16.11 

16 

18.61 

17.64 

14.44 

16.53 

17 

18.89 

17.92 

14.58 

16.94 

18 

19.44 

18.19 

14.86 

17.36 

19 

19.72 

18. C 1 

15.13 

17.64 

20 

20,00 

18.89 

15,55 

18.19 

21 

2C,69 

19.: 1 

15.83 

18,75 

22 

21 .25 

19.'/2 

16.39 

19.17 

23 

22.36 

20.20 

16.94 

20.00 

24 

23.47 

21 .11 

18.75 

21 .11 

25 

2u.50 

23.75 

22.36 

25.00 
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TABLE 3.2(a): TITE DISTRIBUTION FUNCTION 
(FOR SiVEDISH CONDITIONS) 


Speed class 

V^(n) (Vsec) 

Speed class 
n 

V^Cn) (m/sec) 

1 

18.20 

14 

27.30 

2 

20.35 

15 

27.75 

3 

21 .47 

16 

28,20 

4 

22.32 

17 

23.68 

5 

23.04 

18 

29.19 

6 

23.64 

19 

29.74 

7 

24,16 

20 

30.34 

8 

24.64 

21 

31 .00 

9 

25.11 

22 

31 .72 

10 

25, 56 

23 

32.66 

11 

26.00 

24 

34.29 

12 

26.43 

25 

37.50 

13 

26.86 








FIG.S'3aVo- DISTRIBUTION 

( Fov' ^y-recU'sh condiR-ons ) 
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The log normal and exponential distributions have been 
used to represent the time headway distributions of constrained 
and free -moving vehicles, respectively. 

^•3.4 Time Headway Distribution for Constrained Vehicles 
( Log-normal) : 

Branston [2] has analysed constrained time headways 
on two way roads in Indiana, U.S.A, He found that a log 
normal distribution fitted the data with mean of 2 seconds 
and a standard deviation of logarithms of constrained headways 
of 0.45. 

3.3,5 T ime Headway Distribution for Fre_e_ rioving Vehicles 
(Exponen tial ) ■ 

This distribution is completely determined by mean 
Nov; the total headway for a platoon length h is the sum of one 
headway for a free moving vehicle and (p-1) mean headways for 
constrained vehicles. Hence, taking expected values, 


where, 





q is the 

M is the 

M is the 
c 


+ (u-1) (3.3) 

following traffic flow 
mean platoon size 

mean headway for constrained vehicles. 
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3.3,6 Plat o on Size Distribution ^ 

'Estimating the parameters m and S is equivalent to 
estimating the mean platoon size, u , and bhe expected 
proportion o£ platoon size Ij'S, This is because 


(m-)S+1 ) 
m 

(m + 1 ) 

and 6 = 

(m'hs+2 ) 


(3.4) 


(3.5) 


and this pair of equations can be solved for m and s. 
Miller [14] has shown emphrically that 

1 (u-1 ) 

< 6 < exp ( - - — — ; (3.6) 

h M 


and from their data it seems reasonable to approximate 6 by 
the estimate 

. 1 (^^"1 ) 

6 — ('l/p + -e^cp (~ )) (3.7) 

2 M 

Further more Miller [14] found that 

u =0.58 -i- 1,58Z (3.8) 

0.1 q 

where, Z = 

\(1-qu^) 

where, \ is the overtaking rate for constrained vehicles. 

The problem of estimating M is bherefore reduce to 
that of estimating for a given road and traffic flow, Mil]er[l4] 



has used data collected on a single straight two lane road 
in Sweden to produce the estimate. 

X = 2750 (3.10) 

where, Q is the oncoming traffic flow. 

The observed following traffic flow, q and observed 
proportion, 9 of the time headways less than 4,8 seconds 
were used to estimate u for each data set as follows. 


(Head il4.S) = (constrained vehicle) 

X Py (constrained headway <, 4 . 8 ) 

+ (free moving vehicle) x PY(free moving 
headway <, 4.S) (3,11) 

e = (1 - <4.8) I- (1/p) 

X (P^(E(M^) <4,8) 


Finally 


1 1 , -4.8 

0 _ ( 1 . — ) X 0.96 + (l-exp ( — — — — — - )) 

J-i 4 M/q-()-'-1 )2.4 

(3.12) 

Given 0 and q this equation may be solved for M (for each data 
set'' and hence X may be estimated (for each data set), by 
substituting M into equations ( 3 . 1 ). 


3.3.7 Probabilities of Gap Acceptance ; 

The probability of accepting a gap of given length in 
order to overtake is required by the model in each of 32 
different overtaking situations viz., 
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Overtaking maneuvers 


(1) 

Flying 



(2) 

Accelerative 

Limitation 

- 

(1) 

On coming car 



(2) 

Sight distance 

Vehicle overtaken 


(1) 

Vehicle class 1 , travelling 



at a speed < 72 km/hv. 



(2) 

Vehicle class 1 , travelling 


at a speed > 72 km/hr 

(3) Vehicle class 2 

(4) Vehicle class 3 or 4 


Road width - (1 ) There exists a hard shoulder 

2m or a climbing lane 

(2) Neither of this exists. 

The following is fche relationship for probability of gap 
acceptance , 

o if X < ai m 

r 

P(X) = a(X-S )/(S -S ) if s, < X< S, m 

if Sg 1 X 

where X is the gap distances and a, are callibration 

constents. 
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3.4 DEVSL pPm NT OF STOPPING ^LGQRXTHM AMD QUTZIJE SUBMODE L: 

\i4ien it is decided to introduce stoppages in the 
traffic flow model, it is necessary to consider the situations 
where vehicles usually stop on roads. They stop usually 
near bridges, signals etc. Modelling of stopping near signals 
are more complex bhan modelling stoppages near narrow bridges, 
in the sense vehicles will stop near signals only when signal 
is red, where as in case of narrow bridges vehicles always 
stop . 

In this study, stopping near signals have been modelled. 
For this simulation of signals were also incorporated in the 
original traffic model. The yellow period between red and 
green and green and red were merged to red and green respecti- 
vely, The model has been structured so that it is capable 
of representing vehicles moving in yellow periods also. 

Incorporation of signal simulation in the model 
included, introducing red to green or viceversa signal changes 
as the events in addition to the events already present in 
the model. 

The simple logic followed for the above purpose is as 
given below. 

If vehicle has stopped then? 

Next event time is equal to, time when signal 
becomes gree plus, vehicle position in the signal queue times 
reaction time of the driver. 
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Obherv/ise : 

Next event time is lesser of the predict next event 
time (as in the original mode]) and time when signal changes 
next plus vehicle position in signal queue times reaction 
time of the driver. 

It is assumed that vehicles v/ill decelerate from 
such a point, from where it can come to halt with maximum 

p 

deceleration equal to 2m/ sec either on the stopline if it 
is first in the queue or behind another vehicle with suffici- 
ent gap between them if the vehicle is not first in signal 
queue , 

Since the' vehicles and driver unit in ISRTSM model, 
are considered as point object, to know how much should be 
spacing between vehicles when they have stopped, the dimension 
of different vehicles were essential. The assumed dimensions 
of different vehicles are given in the Table 3.3. 

TABLE 3,3 ; DIMENSIONS OF THE VEHICLES 
T"ypFs~“oT^ehicTe s ^ ^ Length "{in mts ) ' 


1 

Passenger car 

4.60 

2 

Bus/Truck 

9.35 

3 

Autorikshaw 

2.75 

4 

Scooter and Motorcycles 

1 .90 

5 

By cycles 

1 .90 
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In the representative road the signals are installed 
at places as shown below in Fig, 3.4, 

For starting the vehicles from stoppage an initial 
velocity of 1 .0 m/sec \;as assumed and the initial accelera- 

p 2 

tion assumed was 1.00 nv^sec for faster vehicles and 0,751^ sec 
for slov/ moving vehicles, A vehicle will become member Of 
signal queue if and only if it is affected by the signal, thus 
causing some delay when comparoito its free flow conditions. 

A vehicle can be in signal queue both during red and green 
phases of the signal. This aspect is modelled as signal 
queue submodel. 

The vehicles are discharged from the head of the 
queue and for this movement one should determine the position 
of the vehicle in signal queue. To do this a logic was 
developed vrhich is as follows. 

Le t Vb be any vehicle 

ST EP1 : If signal queue is empty position of Vb in queue =0. 

Go to step 1 2 

STEP2^: If Vb is first in signal queue position of Vb in 

queue = 1 . Go to step 1 2 

STEP 3_:_ If there is no vehicle behind first vehicle of the 
queue then position of Vb in signal queue=0. Go to 
step 12 

Let Vf2 refer to vehicle present behind first vehicle 
of the queue 


.STEP4: 
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STEPS i If Vb = Vf2, go to step 8 otherv\?lcle go to step 6 
STEP6: If Vf2 is last in queue, position ol Vb in queue =0, 

Go to step 12. 

STEP7‘ Let Vf2 refer to vehicle present behind previous 
Vf2. Go to step 5, 

STE PS^ Position of Vb in queue -2, Go to step 9 

STEPg - Let Vf refer to vehicle infront of Vf2, Go to step 10 
STGP1 Q : If vehicle Vf is queue first then go to step 11 

STEP1 1 ; Let Vf refer to vehicle present ahead of previous Vf 
5TEP1 2 ; Exact position of Vb in queue = position of Vb in 
queue . 

The reaction time of drivers are assumed to be 2.5 secs. 

The other assumption in the model is that, signal is situated 
only on the block border of homogeneous road block. The 
complete sequence of flow of vehicles obeying signal is 
programmed according to the following logic. 

STEP1 : Check whether the vehicle has crossed signal post. If 

it has T crossed go to step 3s' else go to step 2. 

STEH2; Check the status of the signal. If the signal is 
red for the direction of travel, go to step '3, if 
green to to step 18, 

S^TEP3 • Check whether there is a vehicle infront of the 

present vehicle, if there is a vehicle go to step 4 
else go to step 5, 
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STEP4 • Check the position of front vehicle. If it has not 
crossed the signal post and is at such a position, it 
can come to halt with permissible deceleration then 
go to step 6 else go to step5. 


STEP 5 If the present vehicle is the nearest one to signal 
post when signal turns green from red. Then go to 
step 6 else go to step 33 , 

STEPS ; Check whether the vehicle can stop with permissible 
deceleration value thus responding bhe red signal 

for the direction of travel. If it can stop go to 

step 7 else goto step 15. 

STEP? * Find out whether signal becomes green for the 

direction of travel before or by the time vehicle 

reaches such a point it starts decelerating to stop. 

If so goto step IS else goto step 8. 

STEPS; Move the vehicle up to a point from where it starts 

decelerating (stopping sight distance) and check 

whether by the time vehicle conies to half v/ith reduced 
signal becomes green. If so go to step 17 else go to 

step 9, 

STE P g •' Make the vehicle to halt near the signal line. Enter 
this vehicle into signal queue of the direction and 
goto step 33. 

STEPIO; If the front vehicle has stopped goto step 12 else 
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STBP1_1. : 

STEP1 2 ; 

STEP1 3 : 

STEP1 4 ; 

STEP15: 

STE P16 : 
STEP1 7 » 

STEP1 8t 

STEP1 9 i 

STEP20: 

STEP21 : 


Find whether the front vehicle is the last vehicle 
in the signal queue for the diroction. If it is the 
last one goto step 12 else goto step 33. 

If the vehicle is in overesttrlction zone of the 
signal environment goto step else go t/o step 13, 

Find out distance between the present vehicle and 
the one in front of it. If they are very close goto 
step 14 else goto step 33. 

Enter the vehicle into signal queue of the direction 
and goto step 33, 

Increase the counter keeping count of number of 
vehicles moving in yellow period between red to green 
changes. Goto step 33. 

V/ait till signal becomes green and goto step 18, 
Increase the counter keeping count of vehicles 
partially delayed by signals by one nnd goto step 33. 
Find out whether there is queue built due to signal. 

If there is queue goto step 19 else goto stop 22, 
Increase the counter keeping account of number of 
signal cycles fully made use by vehicles by one and 
goto step 20, 

Check whether front vehicle has stopped. If stopned 
goto step 1 7 else goto step 21 . 

Check whether the front vehicle is in such a position 
that it can come to halt with permissible deceleration. 
If it can stop goto step 26 else goto step 22, 
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STEP22 : Check whether the present vehicle is nearest vehicle 
to signal post when signal turns red next. If so 
goto step 12 else go to step 33, 

S TEP2 3 • Find out the position of the vehicle when signal turns 
red, 

(i) If the vehicle will bo past the signal post by the 
time signal becomes red goto step 24 . 

(ii) If the vehicle will be in such a position that 
it is the nearest one to signal post but can 
not stop with permissible deceleration then 
goto step 25, 

(iii) If the vehicle will be in such a position that 
it is the nearest one to signal post and can 
stop with permissible deceleration then wait 
until signal becomes red and goto step 3, 

STEP24 V Increase the counter keeping account of vehicle un- 
affected by signal and goto step 33, 

STl! 1P2 5 : Increase the counter keeping account of vehicles 

moved in yellow period between green to rod change and 
goto step 33, 

STEP26: If the front vehicle is last in the signal queue of 

of the direction then go to stop 27 else goto stop 33* 
STEP 27- If the vehicle is in over resti’iction area of the 

signal environment then goto step 29 else goto step 28. 
STEP28 ' Find out the distance between the current vehicle 


and the one in front of it. If they are very closely 
spaced then goto s tep 29 else goto step 33 . 
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STEP29 - Enter the vehicle in the signal queue of the 
direction and goto step 30, 

STEP30 • If the current vehicle halbcd then goto stop 32 
else goto step 31 , 

STEP31 ' Increase the counter keeping account of vehicle discharged 
from signal queue in green period and goto step 33 « 

STEP3 2 : V^ait till the current vehicle "becomes the first 

vehicle of the signal queue and start the vehicle , 

"by giving it an initial velocity of 1.0 m/sec 
and goto step 33, 

5TEP33 ■ Move the vehicle as in the original Indo-Sweedish traffic 
model. Goto step 34, 

STEP 34 « Check whether vehicle has reached it’s destination. 

If it has not reached then goto step 1 else goto 
step 35. 

STEP3 5 : Check whether maximum vehicle generation time or 
simulation cut-off time has reached. If it has 
reached then goto step 36 els« goto step 37, 

STEP36 ' Generate nnouher vehicle and ’^ove tho vehicle using 
the logic of step 1 to step 30. 

STEP37 - Print the results and stop, 

3.5 AP PLICATION OF THE MODEL 

I 

3.5,1 Simulation of Signalized Intersections 

Present model can be directly used to simulate signa- l 

lized intersections. Such simulation will help engineers to 

I 

I 
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know whether the already fixed time of signals are performing 
at a desired level or there is need to change the timings. 

This can be determined by identifying measures of effective- 
ness. Some of the measures of effectiveness usually considered 
are (i) Proportion of delayed vehicles and delay times of 
different catagories of vehicles (ii) Load factor or degree 
of utilization of the signal and (iii) Queue length of 
different catagories of vehicles of various approaches. 

Also we can optimize signal bimings. 

We can also establish the effect of variation of 
signal timings and overtaking restriction zone lengths (usually 
dividers) on the queue lengths and utilization and delays for 
vehicles. We can also estimate increased fuel consumption 
due to effect of signals on the vehicles. Also we can 
determine the effect of increasing or decreasing overtaking 
resfriction zone near Intersection on fuel consumption, as 
fully validated fuel consumption model in ISRTSM is reported, 

3,5,2 E stab lis hing Volume V/arfants? 

Volume warrants are nothing but an index which 
indicate when to go for signalization of intersections. The 
present model can be used to simulate both unsignalized and 
signalized intersections with a bit of modifications. 
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Vie can establish volume warrants by simulating the 
same intersection with and without signals. The difference 
between the measure of effectiveness of two such experiments 
help in establishing volume v/arrants, 

3,5,3 Simulation of Density Scanners: 

Density scanners are one of the types of traffic 
controlling devices. These are traffic actuated unlike pre 
timed signals, here timing of red and green period gets 
adjusted proportional bo the volume of traffic present on 
the approaches of intersections. 

Usually for each vehicle entering the signal queue 
the green period increases. The entry of vehicles are scanned 
by electronic scanners. There will be fixed maximum green 
period beyond which the signal turns red for the 

approach. These types of signals are defnitely better than 
preactuated signals, ij? one ignores the cost. 

Scuh scanners can be easily s.mulated in the 

present model. With slight modification in the 'Procedure 

system signal' of the present model. At present green timing 

and red timings are fixed but this can be replaced by length 

of the signalqueue times fixed increment of time in green period 

per vehicle. Signal queue length at any time can be refered 

linked 

by Simula ' s built in attribute of doubly/ list called ' cardinal • , 
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3.5.4 S imulation of System of Signalised Intersection and 
Uns Ignalised Intersections 

The present model can be modified to simulate system 
of signalised and unsignalised intersections, Th® result 
of such simulation will be useful in fixing timings of 
signals of various intersection on entire network 
minimising the total delay of travel time. 

The needed modifications in the present model are, 
the 'procedure action signal' should be converted to a class. 
The class will have the attribute s , signal timings le both red 
and green period and location of signal post, coordinates of 
overrestriction zone begining. The class can be called when- 
ever signalised intersection is encountered in the movement 
of vehicle while it will follow usual logic of ISRTSM on 
other times, 

3*5,5 Accident Model and Accident Analysis 

The present model can be used tc create accident of 
vehicles. Such modelling will help in accident analysis 
which in turn is essential for loss prevention of life. 

Accident is said to occur in the model ,if different 
vehicles occupy same coordinate at same time having same 
predecessor and successors. 

In the original ISRTSM model at no time head and 
tail of vehicles are allowed to overlap. In the present model 
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■with certain probahility tail and head of vehicles' can he allowed 
to overlap thus causing accidents. 

The probability can be ascertained from field study 
and this can be allowed to occur at such places where casuality 
taking place regularly. 



CHAPTER IV 


INPUT AND OUTPUT OF THE MODEL 
4.1 INPUT OF THE MODEL ; 

Input to the model consists of a road file^ traffic 
file and model data. Road file is nothing but description 
of the road on which vehicle is to be moved. This is created 
by another program to which following field data are fed. 

For each block in each direction 

1 , A coordinate for the begining of each block in mts 

2, Carriage width maximum Vm 

3, Hard shoulder width in dm 

4, Speed limit in kn\/h 

5, Gradient in percentage 

6, Curvature 1 0^ m (The curvature is the inverted value 

of the horizontal radius) following data describing sight 

7, A coordinate for the begining of each sight section 
in meters 

8, Sight distance at this coordinate 

and the following data about overtaking restriction and 
hard shoulder 

9, A code for over restriction 

10, A code indicating hard shoulder/climbing lane presence. 
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Traffic file having following vehicle data: 

1 , Identify number 

2, Vehicle type 

3, Basic desired speed in Vs 

4, P- value (Power/ weight ratio) in w/kg 

5, Direction 

6* Coordinates for entry to and exit from the section 
in meters 

7. Time and speed at entry to the section 
and the. Model data mentioned below 

(1 ) Probabilities of overtaking at different coordinates 

(2) Time headways for different types of vehicles 

(3) Deceleration value 

(4) Rolling resistance 

(5) Air resistance coefficient 

(6) Probability of vehicle going to lane 3. 

(7) Extra speed in track 1 etc. 
and following general data 

(l ) Maximum vehicle generation time 

(2) Data collection points 

(3) Random number speed 

(4) Simulation cutoff time. 
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4,2 THE OUTPUT OF THE MODEL 


The results from traffic flow models are printed in 
chronological order and are used for further processing, 18 
types of situations are defined. Each time an equipage is in 
one of these situations the results can he printed. In 13 of 
the situations the result is always printed. If the result is 
to be printed when one of the remaining situations occurs, this 
must be specified at the start of the simulation. 

Table 4,1 below shows different types of result, the 
situation for which they are printed and whether the result 
is obtained conditionally or unconditionally , 

To illustrate further the frequently occuring event 14 
is to be read as follows. 


Event 

No, 

Veh, 

identi- 

fication 

No. 

Vehicle 
in front 

Origi- 

nal 

track 

number 

Local 

coord 

Local 

speed 

m/sec 

Average 

speed 

Predict 

bl 

border 

speed 

14 

53 

None 

2 

1120 

9.58 

9,58 

9.56 

Local 

time 

Predict 

next 

event 

time 

Predicted 

block 

border 

time 

Time 

Status 

of 

flow 

Signal 

status 

Predict 

coord 

Local 

Sp 

240.00 

240.97 

240.97 

240.73 

Comple- 

tely 

free 

Signal 

green 

1130 

9.58 

Average speed 

9.58 

Predicted 

9.58 

bIborder speed 

Predicted biborder 
time 

242.73 
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Table 4.1 contd, . . . 


Information 

type 

Occasion 

Short description of result 


12 

opportunity for 
accelerated over- 
taking not 
accepted 

as for type 4 

0 

13 

block border 
passage 

equipage status, basic de- 
sired speed, equipage type 
and power/weight coeffi- 
cient, energy consumption 

B 

14 

every change 

equipage status, predicted 
times and 5peeds,e-bc, 

C 

15 

overtaking is 
interrupted be- 
fore level point 

equipage status 

U 

16 

overtaking is 
finished after 
levelpoint 

equipage status 

i; 

17 

following ter- 
minated 

equipage status 

U 

18 

overtaking level- 
point 

- equipage status, identity, 
coordinate , speed and 

L 


-type of 

1^ the overtaken and 
2 ' the on'^om-iri'^ vehicle 


+ ) equipage status refers to identify, road and b±me coordirateEij, 
speed and track 

= unconditional result 
= conditional result 
= conditional result 
= conditional result 

= Condi bional result after tune specified. 



CHAPTER V 


RESULTS DESCRIPTION AND CONCLUSIONS 

5.1 RESULTS DESCRIPTION: 

In the present traffic model vehicles are moved 
depending on vehicular interactions, the quality of road on 
which vehicle is moving and the stochastic behaviour of 
drivers. The scanning or shifting of time takes place event 
wi se , 

Results are printed in event file, in detail giving 
account of every individual vehicular movement as and when 
an event occurs. The first few rows of the output contains 
the details of the input fed for simulation such as maximum 
vehicle generation time, name of the road file, coordinates 
of the data points at which data are collected for validation 
purpose, rolling resistance for different types of vehicle, 
deceleration value, air resistance, time headways for categories 
of vehicles etc. These are denoted by evenb number 'O' at the 
start of a row. 

First column of the event file denotes the event 
number on which account the status of the vehicle being 
output. The various events in the model are, 

1 ) Entry of vehicle on a section of road, 

2) passing block limits. 
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In the model, the road on which vehicles are moved 
are divided into specified number of homogeneous road blocks. 
Vehicles are moved from block to block in the absence of 
any other intermediatary events. 

3) CatcViing a preceding equipage. 

4) Tailing begins. 

If the fast moving vehicle meets the slov; moving 
vehicle on the same track, there exists two alternative 
either to overtake or to adopt speed to tail the equipage. 
Taillength of the vehicles are given in seconds for different 
categories of vehicles. 

5) Passing a maximum sight point 

The sight distance along the road is apnroximated 
with a sectionally linear function. The point where this 
sight distance function has maximum is called maximum sight 
point. For accelerated overtaking, vehicle has to wait till 
they reach these points, 

6) The equipage meets another equipage in on coming lane, 

7) Overtaking begins, 

8) Equipages level during overtakings, 

9) Conclusion of overtaking when the overtaken, 
equipage is not tailing , 

10) Exit to hard shoulder/ climbing lane , 

11) Return from hard shoulder/ climbing lane to normal lane. 
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12) An equipage is caught up. 

In addition to them original events, the helow. 
events are introduced in the present work. 

13) Signal becoming red . 

14) Signal becoming green , 

1 5) The point when vehicle starts decelerating due 
to the effect of signal, 

16) The vehicle coming to stop , 

17) The vehicle starting from stoppage. 

The event file gives every detail of vehicle movement. For 
accomplishment of specific needs, the event file are further 
processed through specific post processing programme. 

5.2 CONCLUSIONS AND SCOPE FOR FUTURE V/ORK : 

In the present thesis the vehicular stoppage on roads 
and their starting has been modelled. The effect of such 
stoppage is queue formation and delay to vehicles. The 
queue formation has also been modelled. 

The present thesis shows the need for stopping logic 
in the traffic model by exploring the possible benefits by 
indicating the applications of the logic. The model at present 
state has only shown the way the stoppage can be modelled. 

The stopping spot reconsidered in modelling is traffic signals. 
It is assumed vehicles stop with permissible deceleration, 
and certain fixed accel^eration values are assumed at the start 
of vehicles. The road files used and signal timings assumed 
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and trafric files are fictitious. 

Before model is fully put to its potential use the 

following works to be carried out, 

(1 ) For any simulation model to be used, it is to be 

validated. Since almost whole 'ISRTSM' model stands 
validated, the present sub-model needs validation. 

(2) In calculating stopping distance of the vehicles only 
deceleration acceptable was taken as criteria. 

However, stopping distance depends upon drivers 
behaviour (PIEV concept) , Efficiency of brakes, 
Frictional resistance between the road and the tyres 
and slope of road surface if any, A detail study 
should go on to define stopping distances of vehicles 
taking all the above factors into considerations, 

(3) The composition of traffic and geometries of the 

highway may be varied along witii the period of signal 
and the effect of these factors on the figure 

of merits can be studied. In t lis model straight 
road way with ideal geometric features are assumed, 

(4) In the model vehicles have been assigned some predeter 
mined fixed headways witheut taking the changes of 
headways during the interaction of vehicles at 
different speeds and the intensity of interaction 
(depending number of vehicle) into account. 
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(5) Random nature of q.ueue formation and queue dispersion 
near signals prevalent in Indian conditions should 
also be thought off and should be incorporated in 
the model. 
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APPENDIX “ A 


DESCRIPTION OF IMPORTANT PROCEDURES 
AND VARIABLES IN ISRTSM 
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l-Rr.FRL5R 

FN 

free block speed 


IV Rclr-tcnues 



RLOCK 

EN 

reference to actual road block 


The events aie 

assumed to 

occur momentarily i\t calculated 

times. At 

each evfMjt the 

model data 

is updated and a particular event 

generated 


from among the possible ronsecuLive event types* A note of the predicted 
event is inserted chronologically and logically in a list (SQS) and the 
events nre tlicn ox^^cuted in this o^der. 

The ordinary cycle /t.r an arbitrary equipage is; 

J. Pi edict the time of the next event - PREDICTNEXTEVTIME 
2. Await the predicted time - HOLD - 
3* Move the equipage in time and space - DRIVE - 


i 2 LX 
t I LX 
w i:N 



I 


Iji'iinj; pln^i i oi ,iv Ii t^U \ iPiJ, jp 1 )M' i Ia/ , 

AVIU'^^^ . u'! rwnuc^; I I’O^’ ‘^Ll^SP • \'l w I in p ^ . -dnr ‘ 

liMrrC', ''-ijr Ml- [)lr^"' } I’l Ih'' i' t''< jr ' '> ’ "'L n{vii » 

attribui lOCAilbVy , • W u v > ^ ^ ^'Yrrsi^ 

V P‘ ,11^ iiiPL, 


Ourinv, pnvi-i/' ' of Lb"' r v^ It 'L jri\ ii.ipf'r i- u‘i i t\[ t T'lV'/P 

interacts aUh Uic 'Uu-rn^- ‘‘qiana^^e v lIi rh^ i^ Miii Irit tir [ n t‘’'tT 
'fUfH'' (if chf noviL A r lIu*' rcjMipaqt: n SiV mi ijaiMc^' t it 

(V-' nr ‘Ml |tr‘i , Ir, «'v<-l ii n-lv nil- jn-' ib 

(inren^ rijMij'i>/ t OM.aM. ^ ifup 3 ’^iirpri"i<'” m j”’ 'iMoiip}, di 

^lIRrrr‘'( [n)' linr \ prM-MM ,*1 [,,i ,1' I vb' 'M-jii o. rim 

^.qmpi [^ th< ^ ir iiP 


Taih oquipa;^*^ Tum alloctr-il t ^V'cic'’ an«' ^ TIm ^ c:iiiipr 

constfintSy attMojDir U> dr'vo .o tl'rw O’e^r fK\icl5 do iicji: ov*^rlap Uu'it Mil"! 

The l6^rlJ'^h^of thr^ I.r^dn and (UiP* - dal 


hr-ad fajOf^tli ’ 


(AVforv-AVLFrM-*)^ 

'TVa 


If d V U rw 


AVLRS:^ 


0 otiKr^AMse 


uil length ^rrMEHCADWAY • AVERSP 

If 

AVfo^w is AVE.RSP for a pr^cedvnig ^5ead knj»th 

thot'^'fnrp IndlCwitrM (he dbtanr*^ rf^quJrt’ti to slow nown wUh fjivon 
rotard^irion flAf k to 'ipfr-'d m/ thft ororodin;’ vohif.lo. The Kul Ji 
ri r hoMin so ihdt rqtnpa^e> in xl nijtuie art' jeuaratt'd by fjlv^rn ttrnc' 
witar Vv-d 1 


•\n unpnrtant of thc' (/ic>irn.jifp is that a road is dlviclt;rf into ^ 

niiintjf»:"r cd wh^'te ‘jnrh oqiil(3a<^e In tiA<sh Itxw Ixilmve.s In a ftelJnod 





3 Hirertion of traffic: 

? a) - uglif-hand traffic 

_l b) ' (pf t- hand traffic 

An equipagr* can use three of the four Janes. Lnne 2 is the ordinary 
lane in the direction of travel and latio 3 is a wido shoulder or auxiJiary 
lane. In lane I priority is given to traffic in the opposing direction. 

An equipage remains In its lane until it decides to change lanes. The 
reason for this decision may be in order to overtake, t.e, move out 
into lane 1 or alternatively move onto lane 3 to allow a catching-up 
faster equipage to pass. 


Direction of traffic; ^ 

a) ♦right-hand traffic I 

b) I left-hand traffic 2 

3 


Short description of equipage procedures 

To acquaint the equipage as to which of the many complicated situations 
is in force, a number of procedures and variables are provided. 

These situations are listed and described below. A brief description of the 
predicting routines i.e, the procedures which, among other things, calcu- 
late the time to a given next event, is also provided. The latter 
procedures are similar in that they aJi give a time to tlie next block 
border Lf this event type occurs before the given event. 

* I 

Variables controlling behaviour 


Basic routines 
PREDICTCOORD 

PREnS(B) 

PST(VEH,n 

VEHBaCW1TR.K(X) 


calculates the road coordinate for current equi- 
page at the particular time (i.e at TIME) 

'T.alcuirites the road coordinate for equipage B 
the particular time (l,e. at TIME) 

Calculates th.' road coordinat'' for equi|,'Agt« 
VEH at time 7 

Calculates a reference to an «<iuipage in tra«J< 
X traveilirlg behind 



VEHEQUALTRK(X} 

VEHFORWITRK(X) 

PLATOONLEADER(VO) 

ONCOMINGVEHIQUAL 

ORBACKWITRK{X) 

OW'OMTNGVEHFOR'X 

ITHK{X) 

LASrVEMlNOrK'OMJNG 

PLATOON(X) 

PAS5>ING(X) 

STARTPOS5IBILITV 

CHANGbTOTPACK(X> 

REHINDVEAFFECTED 

VEHINTRKIAFFEC 

REACrFORW 
' REACTBACKW 

REACTTPKIVEH 

CON-ST RAINED 
INTERESTING 


Cdl'^ulates 0 reJcrrno to an 
in tt ack X 

Calculates a "ofprci.i-.! l.' prc-r 'tsirapage ir 
track X 

Calculates a rcfcr'^ni'o :ti -i M.i *('011 leader lor 

the eaiitpaf»e vn. 

Calculates a reference an v-qiupdf'e in tiack 
X travelling alongside nr hri aid in oncoming 
traffic stream. 

Calculates a reference to preceeding equipage 
in trad’ x in oncoming trattic stream. 

Calculates a reference to last equipage in track 
X in oncoming traffic stream. 

Decides whether own head or tail overlaps that of 
another equipage in track x 

Decides whether start possibility applies. Start 
possibility if head or tail of own equipage does not 
overlap that of anothe'* equipage in lane 2 or lane 
3 

Move own equipage to track x 

Decides whether equipage travelling bdiind in the 
same lane needs to be reactivated 

Decides whether equipage in track I needs to 
be reactivated- 

Reactlvdtes preceding equipage 

Reac tlvates next equipage tr avelJing behi nd in the 
same track. 

Reactivates the nearest equipage whose tail lies 
behind tlie current equipage 

IVcldes whether the current oquipage 13 following 

When an equipage is reactivated the proce- 
dure INTERESTING dei'ide.s whether the equipage 
IS in track I or track 2 and is being caught up by 
another equipage 


ACC($EJhtUJ) 


Calculates acceleration abiiltv at SPEED 



BEABTOFOLR 


Decides wlie titer a preceding equipage is "close” 
and the speed is less than the free blockspeod. 
"Close" defines the distance between the head 
of the current equipage and the tail of the 
preceding equipage as being less than 1.5 times 
the tail length of the preceding eiiuipage 


R out ines i n c oniunctlon wtth catching up 


CATCHINGUP(X) Decides whether the current equipage catches up 

another equipage in track x before passing the 
next road block limit 


VEHOBJCATCHINCi- Decides whether equipage VO catches up a pre- 

UP(VO) ceding equipage before passing the next road 

block border 


CATCHJNGUPBEF- Decides whether equipage VB catches up the 

PREDICTNEXTEV current equipage before VB's PREDICTNEXT- 

■.TIME(VB) EVTIME 


Ro u tines in c onj uisct ion with overtaking o r passing 

MAXSIGHTPNT Decides whether an overtaking opportunity 

exists. An overtaking opportunity exists if 
maximum sight length exists in the road block 
and the distance between the equipage and the 
point of maximum sight length is less than 3 m. 


RENDE2VOUSQRMAX" 

SIGHT 

Decides whether an opportunity for overtaking is 
accepted 

Decides whether an opportunity for accelerated 
overtaking Is accepted 

Decides whether the vehicle has sufficient acce- 
leration ability to carry out an overtaking. More 
exactly estimated length of the overtaking is less 
than slghtlength x constant 


PLYINGOVTAK- 

ACCEPT 

ACCOVERTAKING 

ACCEPTED 


ABLE 


WANT 


VACANT 


ALLOW 


TIRED 


A rar'Iorn nun ner is cltriwn nrid qivp'S "true" with a 
specified pronebiht), I ins pr'^oahilitv depends oni 

1) Accelerated/fiymg o '^•rtahuig - OMT 

2) Vehicle type and wl , ether a n' i .'ite car is taken 
into consideration when aver age speed is less or 
greater than 20 m/s 

3) Road width class - VB 
Vislble/invisible meeting 

5) Siftht length 

Decides at point of decision for accelerated or 
flying overtaking whether U is possible to change 
track to track 1, i.e. whether track 1 is occupied 
by another equipage 

Decides whether the vehicle is permitted to carry 
out an overtaking. Permission is given if no 
overtaking prohibition applies and if no unbroken 
white line exists. The driver is looking for over- 
taking restriction mm (300, estimated length of 
the overtaking x constant) m ahead. 

Decides whether the equipage abandons its 
attempts at overtaking. The probability of this is 
at present 0 


OB3INSAMETR ACK True if the head of the current equipage overlaps 

the tail of the preceding equipage in the same 
track 


INITIALPOINTS, Decides upon overtaking or passing whether initial 

LPNT, points, level points or finishing points apply 

FINISHPNTS 


direcLidn of travel 


rurrohh 
1 1 a< ’k 


' .tel JjQjjLfeg. 

Ini Uai points _ 1.3 11 | fin! r.x)lnfeK 


- — n 


^wdd■ 1-enyil^ 


-T "g - i 

1 

teal ienqtlf 


tnU ifc-nijih yjulE^t'jt. S'bjuolj., 


SHORTRETURN 


Decide? upon overtaking whether short return 
applies 


direction oi’ Lrnve] 
— ► 


current 

track 


tail leng 

n 


k 


shoitrelum points 


\ 


equipage object 


OVERTAKING- 

CONTINUE 

NEWOVERTAKING 


SGATCHINGUPl 


Decides whether an overtaking is to be complet- 
ed. Is completed when the equipage has greater 
speed than the overtaken equipage. 

Decides whether a new overtaking is llkeiy, impli- 
cates that the driver wants to overtake and the 
vehicle is permitted and has sufficient accelera- 
tion ability to carry out an overtaking. Note that 
this makes NEWOVERTAKING true if no new 
overtaking is likely. 

Decides upon completing an overtaking of equi- 
pages In a platoon, but not the platoon leader, 
that the current equipage catches up another 
equipage In the current track befote Overtaking is 
completed. 


Ro u tines In conjunctio n with the eq uipag e bein g p assed 


VACANTANDWANT- Decides when the current equipage is caught up In 
TOGOTOTRACK3 track 2 Whether it can and wants to change track 
< to track 3, 


CANRETURN 


Decides, whether the current equipage In track 3 
can return to track 2. 


Prisdictive routineij 


TRAVflL Apart from the block sp^^t-i ^ i average blope is 

assigned to each hjock. Lath equipage also has -a 
power/weight coefficientt P, 'vhifdi determines its 
ability to reach its block speed, g.ven the particu- 
lar slope. 

The TRAVEL procedure tests this ability by in- 
setting values in the power equation: 


a=a . 

c • - c 


V 

a b 


where 

a = 

acceleration 

m/s^ 

P " 

power/weight ratio 

W/kg 

V ^ 

speed 

m/s 


5 air resistance coefficient 
a 

(2 

b = rolling resistance and "slope coefficients" 


In this test v is set to the block speed. If 
acceleration thereby becomes less than 0 or the 
current speed is less than the block speed, PTS is 
inserted in the power equation. Otherwise calcu- 
lation IS made either with the same speed, TS, 
(time over road stretch) or with a uniform retard- 
ation, RETARD, depending on whether the parti- 
cular speed is equal to or greater than the block 
speed. 


PTS 


free ’ 

block 

speed 



’ itoadcoordi'- 

nafca 

blackfoordeiir 



In procedure PT*^ there is a numeric integration of 
the power equation over time until either the fiee 
block speed has been e'cccedod (case I in the 
figure) or the blorkborder exceeded (case 2)* 


Use IS made of 
a = ^ Rives 

V =^givessj = At.0.5.(vj.v^-Ap 

where 

a = acceleration 

V * speed 

s = distance 
t ^ time 

Integration step At (DCLTA in PTS) is set to 
At s k • PRECtSlON -1-0 1 

where 

k a a constant set to 3 

PRECISION a required precision in Integration 

In the program PRECISION has been set to 0.5 %. 

V and a are speed and acceleration at the 
beginning ° 

I 

TIMETOSTART- Calculates time. td start possibility. 

POSSIBILITY 


TIMETOBLOCK- 

l.IMiT(C) 


Calculates time to next block limit. 

C Indicates whether the current equipage is free 
or constrained. 


Ro utines in conjunction w ith catching up 


TIMETOCATCHU 


TIMETOCATCHING 

UPPOINT(X) 


Calculates time until the Eist of the following 
eventsi 

ii Catching up equipage In track 3 

2) Catching up equipage In track 2 . 

3) Block ilmlt 

JT 

If the equipage 'catches up another equipage 
In track x the procedure calculates 
the time to the catching up point* 


V 




TIMETOBEHCATCH Calculates time to the point where the current 
UPPOINT(C) equipage is caught up, C Indicates whether the 

current equipage is free or constrained. 


Routi nes i n conjunctl^o n with p repara tiori for following 

TIMETOFOLLOW When an equipage has decided not to carry out a 

flying overtaking the procedure calculates the 
time to the point where the equipage has slowed 
down and travels with a given headway from the 
preceding equipage. 


Routin es in conjunct ion w ith overtakin^or passing 

TIMETOOVERTAKACC Calculates the time to the point for an acceler- 
ated overtaking. 

TIMETOINITIAL- Calculates the time to the point where the over- 

POINTS(C) taking equipage is in level with the overtaken 

equipage. If the current equipage (overtaking) has 
a lower average speed than the overtaken equi- 
page the time to the block border is calculated. 
C indicates whether the current equipage Is free 
or constrained. 


TIMETOLPNT(C) 


TIMETOFINISH- 

POINT(C) 


TIMETOSFINISH- 

PNT(C) 


Calculates the time to the point where the over- 
taking equipage is 3.3 m in front of the overtaking 
equipage. C indicates whether the current equi- 
page is free or constrained. 

Calculates the time to the finish point in an 
overtaking. If the overtaken equipage has a 
greater average speed than the current equipage 
the time to the next block border is caJculaterf. C 
Ini^icates whether the current equipage is free or 
constrained. 

Calculates the time to a short finish point in an 
overtaking. A short finish point appUe.^ when the 
current equipage overtakes individual equipages in 
the platoon with the exception of the platoon 
leader. C indicates whether the current equipage 
Is free or constrained. 


Routine in conjunction with ovei'takjng an eqiupage 

TIMETORETURN' Calculates the time to a possible point for relurn* 
POINTCO Ing from track 3 to track 1. C Indicates whethisr 

the current equipage J» free or constrained* 



APPENDIX - B 


PLOW CPIART OTi* PFIESENT WORK 







N 
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APPTSNDIX - C 

LIST OF PROCEDURES ADDED, PROCEDURES CHANGED IN ISRTSM 
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APPENDIX C 


1 ) INTEGER PROCEDURE 

2) INTEGER PROCEDURE 

3) REF(Veh) PROCEDURE 
^ 4) REF(Veh) PROCEDURE 

5) REP(Veh) PROCEDURE 

6) REF(Veh) PROCEDURE 
^ 7) REF(Veh) PROCEDURE 

8) REF(Veh) PROCEDURE 

9) REF(Veh) PROCEDURE 
^1 0) PROCEDURE 

■*■1 1 ) PROCEDURE 
■^12)' REAL PROCEDURE' ' 
^^13) REAL PROCEDURE 
■^14) BOOLEAN PROCEDUr® 
•*^15) BOOLEAN PROCEDURE 
■^16) BOOLEAN PROCEDURE 
■^17) BOOLEAN PROCEDURE 
’*'1 8) REAL ‘PROCEDURE, 

■^1 9) PROCEDURE 
■^20) PROCEDURE 
■‘'21 ) PROCEDURE’ 

%i) PROCEEJURE 
■^■‘'25,)' REAL PROCEDUBS , 


system signal (any time) 
myposin 3 igq(Vb) 
vehbackwirrk (X) 
vehequalitrk (X ) ' 
vehf orvi^it rk (X ) 
platoonle ade r ( Vo ) 
oncomingveh equal orbackwitrk 

oncomlngvehforwitrk(X) 

lastvehinoncomingplatoon (X ) 

reactbackw 

ReactiorW 

he'adleng(b1 ,b2) 

ssd(b) 

behindvehaffected 

beabletiolr* 

surprise 

Interesting 

*1 

oncomvehsightitrk(X) 

travel 

pts 

retard 

ts 

vspt^diotnejctevtime ' 
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*24) 

REAL PROCEDURE 

predtid 

* 25) 

REAL PROCEDURE 

tidsrot 

* 26) 

PROCEDURE 

travelcons trained 

*27) 

PROCEDURE 

travels 

*28) 

BOOLEAN PROCEDURE 

oncomingvehvisi'ble 

*29)' 

BOOLEAN PROCEDURE 

rendezvosormaxsight 

*30) 

BOOLEAN PROCEDURE 

drive (c) 

* 31) 

BOOLEAN PROCEDURE 

scathlngupl , 

''32) 

PROCEDURE 

ifextralanebeginreactforw 

* 33) 

BOOLEAN PROCEDURE 

wantt ohelp vehbackwtopa s 

* 34) 

BOOLEAN PROCEDURE 

acc 0 ve rtakingac cept ed 

* 35) 

REAL PROCEDURE 

ovtaklength( c , vs ) 

* 36) 

BOOLEAN PROCEDURE 

want(c) 

■* 37) 

BOOLEAN PROCEDURE 

catchingupbefpredictnexte vtime ( vb ) 

*38,) 

REAL PROCEDURE TIME 

toretumpoint 

*39) 

PEAL PPCCnU’iRE 

timetocatchingupoint 

*40) 

r^PAL PRoc”.")i:<.' 

time bostartposibility 

*41) 

REAL PROCEDURE 

timetomasight 

*42) 

REAL PROCEDURE 

timetorendesvousormaxsight 

*43) 

REAL PROCEDURE 

timetoinltialpolnts 

*44) 

REAL PROCEDURE 

timetofollow 

*45) 

REAL PROCEDURE 

timetoblQcKlimit 

*4-6) 

PROCEDURE 

write (tex) 

*47) 

PROCEDURE 

wrpost(x) 

*48.) 

PROCEDURE 

wrivebd^ta 

**49) 

REAL procedure 

saodXb 



■'''■50) 

REAL PROCEDURE 

spredictblhorde rsp 


REAL PROCEDURE 

sp re dblho r de r 1 1 me 

"•"52) 

BOOLEAN PROCEDURE 

fsaveh 

•"*"53) 

BOOLEAN PROCEDURE 

posfrontveh 

■"■"sif) 

IREF(Veh) PROCEDURE 

frontveh 

"■"55) 

PROCEDURE ACTION S 

IGNAL 

•"•'•56) 

lUlOCEDUR:!; 

red 

•"■'57) 

i^FlOCEDURE 

green 


I 

+ 1 - 


■Jnclicakes changed procedure 
Indicates new procedure introduced. 



APPENDIX ~ D 


EVENTFILE DETAILS 
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APPENDIX D 


EVENT NUMBER 


type descripti on v/idth starting 

COLUMN 


1 ) 


2 ) 


0 I 

Event Type 

2 


T 

Title 

118 


EQUIPAGE ENTERS A STRETCH OF A ROAD 



1 I 

Eventtype 

2 

1 

I 

IDNU 

5 

3 

I 

DIRNU 

3 

8 

I 

ORIGIN 

6 

11 

I 

LOCALCOORD 

6 

17 

I 

BEST 

6 

23 

n 

VEHICLETYPE 

3 

29 

R 

BDS(VON) 

6 

32 

R 

P(P/W) 

6 

38 

R 

TIFE+TINESHIFT 
(AEIRIVAL TIME) 

10 

44 

H 

LOCALS? 

8 

54 

EQUIPAGE LEAVES A STRETCH 

OF A ROy-D 



2 I 

Eventt^'pe 



I 

IDNU 

5 

3 

R 

LOCALCOORD 

7 

8 

R 

AVERSE 

8 

15 

I 

OWNTRACK 

3 

33 

R 

TIME+TIMESHIFT 

(DEPARTURE) 

8 

36 
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3 ) PASR I HG P'lEAGaR l NG POINT 
3 I 

I 
R 
R 
R 
I 

T OR I 

I 

I 

R 

Zf) DJRECT OVERTAKING STRTEP ' 
l\ I 

I 
R 

r> 

1 

R 

T 

I 

I 

I 

R 

R 

R 

R 

T 


Event type 

2 

1 

IDNU 

5 

3 

LOCALCOORD 

7 

S 

A^/ERSP 

8 

15 

LOCALTIME 

10 

23 

OVmTRACK 

3 

35 

Front Vehicle 
Identification 

7 

36 

VF IDMJ 

5 

43 

VB IDNU 

5 

48 

Energy 

Consumption 

7 

53 

Eventtype 

2 

1 

IDNU 

5 

3 

LOCALCOORD 

7 

8 

A^/ERSP 

8 

15 

LOCALTIItE 

10 

23 

OWNTRACI 

3 

53 

TYPE 

3 

36 

VF.IDNU 

5 

39 

VF.TYPE 

3 

44 

VF.AVERSP 

8 

47 

SIGHTLENGTH 

7 

55 

OWCOMVEHSIGHT- 

ITRK 

7 

62 

ONCOMVEHFORWI- 

TRK 

8 

69 


4 

73 
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7) PAqSAqg, POINT 

7 I 
I 
R 
R 
R 
I 
I 
I 
I 
I 

8) PASSAGE COMPLETED 

8 I 
I 
R 
R 
R 
I 

9) TRACK CHANGE 

9 I 
I 
R 
R 
R 

X 

I 


Eyenttype 

2 

1 

IDMJ 

5 

3 

LOCALCOORD 

7 

8 

AVERSP 

8 

15 

LOCALTINE 

10 

23 

OWNTRACK 

3 

33 

TYPE 

3 

36 

VF.IDNU 

5 

39 

VP. TYPE 

3 

44 

VF. AVERSP 

8 

47 

Eventtype 

2 

1 

IDNU 

5 

3 

LOCALCOORD 

7 

8 

AVERSP 

8 

15 

LOCALTI^E 

10 

23 

OWNTRACK 

3 

33 

Eventtype 

2 

1 

IDNU 

5 

3 

LOCALCOORD 

7 

8 

AVERSP 

8 

1 5 

LOCALTIiyiE + 

timesrift 

10 

23 

OWNTRACK 

3 

33 

newtrackno 

3 

36 
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10) FOLLOWING STARTED 


10 I 

Invent type 

2 

1 

I 

TDNU 

5 

5 

R 

LOCALCOORD 

7 

8 

R 

AV1LRSP 

8 

15 

R 

LOCALTir® 

10 

23 

I 

OWNTRACK 

3 

33 

OPPORTUNITY TO DIRECT 

OVERTAKING NOT ACCEPTED 


11 I 

Eventtype 

2 

1 

I 

TDNU 

5 

3 

R 

LOCALCOORD 

7 

8 

R 

AVERSE 

S 

15 

R 

LOCALTIME 

10 

23 

I 

OWNTR«\CK 

3 

33 

I 

TYPE 

3 

36 

I 

VF, IDNU 

5 

39 

I 

VF, AVERSE 

8 

47 

I 

SIGHTLENGTH 

7 

55 

R 

Distance to 

Oncoming Vehicle 
lntrack2 7 

62 

R 

ONCOHINGVEH. 

AVERSE 

8 

69 

T 


4 
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1 2 ) OPPORTUNITY TO ACCELERATED OVERTAKING MOT ACCEPTED 


12 I 

Eve nb type 

2 

1 

I 

IDNU 

5 

3 

R 

LOCALCOORD 

7 

8 

R 

AVERSP 

8 

15 

R 

LOCALTIME 

10 

23 

I 

OWNTRACK 

3 

33 

I 

TYPE 

3 

36 

I 

W.INDU 

5 

39 

I 

VF.TYPE 

3 

AA 

R 

VF, AVERSP 

8 

A7 

R 

SIGHT 

7 

55 

R 

Distance bo oncoming 
vehicle 

7 

62 

R 

Oncomingveh.aversp 

a 

69 

T 


A 


BLOCKWRDER PASSAGE 




13 I 

Eventtype 

2 

1 

1 

IDNU 

5 

3 

R 

LOCALCOORD 

7 

8 

R 

AVERSP 

8 

15 

R 

LOCALTIME 

10 

23 

I 

OWNTRACK 

3 

33 

R 

bds(von) 

6 

36 

I 

VEHTYPE 

2 

42 

R 

P(P/W) 

6 

44 

R 

Energy Consumption (W) 

7 

70 



1/-i) EVERY C^HANCIE 
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U| I 

Eventtype 

2 

1 

I 

IDNU 

5 

3 

T OR I 

VF.INDU 

5 

8 

I 

OWNTRACK 

2 

13 

T 

F if follovdng 

2 

15 

T 

B if behind catching 
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